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(57) Provided is a display device employing elec-

tronic ink capable of retaining the function of maintaining

information displayed by the electronic ink, preventing

the deterioration of the picture quality of the display in-

formation, and realizing the rewriting of display contents

of pixels to be of a required minimum upon renewing the

display contents. This display device (1 ) has a switching

element containing a pixel unit 2A in which disposed is

a microcapsule filled with liquid having charged particles

dispersed therein, and a data writing circuit (4, 2B) for

writing data by applying voltage to each pixel of the pixel

unit 2A. This display device also has a refresh circuit (4)

for refreshing at prescribed intervals the data of each
pixel of the pixel unit 2A written pursuant to such data

writing circuit (4, 2B). The writing circuit (4, 2B) has a

TFT built in the switching element for turning the data

writing on/off, and a driver for controlling the on/off of

this TFT, wherein the driver (2B) is structured so as to

be driven with a decoder method.
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Description

BACKGROUND OF THE INVENTION

1

.

Field of the Invention

[0001]. The present invention generally relates to a

display device, and particularly to a display device em-

ploying an electrophoretic liquid material referred to as

electrophoretic ink which utilizes the electrophoretic

phenomenon. This display device is also a storage me-

dium known as electronic paper or an electronic sheet.

2. Description of the Related Art

[0002] The phenomenon of charged particles dis-

persed in a liquid electrophoresing by applying an elec-

tric field; in other words, electrophoretic phenomenon,

is well known from conventionally. As an application of

this phenomenon, known is the fact that by dispersing

charged pigment particulates in a dispersed liquid color-

ed with dye, sandwiching these between a pair of elec-

trodes, and applying an electric field thereto, the

charged particles are drawn to one of the electrodes,

and there have been attempts at applying this to dis-

plays (Japanese Patent No. 900963). Here, the result

of dispersing charged particles in a dispersed liquid

colored with dye is referred to as "electrophoretic ink"

or "electrophoretic liquid material" and a display employ-

ing the above is referred to as an "electrophoretic dis-

play (EPD)".

[0003] T102 (rutile structure), for example, is used as

the core of the charged particles, and polyethylene, for

example, is used as the cover layer for covering this

core. As the solvent, for instance, used is a solvent in

which anthraquinone dye is dissolved in ethylene tetra-

chloride and isoparaffin. The charged particles and sol-

vent have mutually differing colors, and, for example,

the charged particles are white, and the solvent is blue,

red, green or black. At least one of the electrodes is a

transparent electrode.

[0004] When an external electric field is applied to the

electrophoretic ink (hereinafter simply referred to as

"electronic ink") in the electrophoretic display, the

charged particles move in the direction opposite to the

direction of the electric field when the charged particles

are negatively charged. Thereby, the one face for view-

ing the electronic ink; that is, the surface of the display,

appears to be colored in either the color of the solvent

or the color of the charged particles. Therefore, by con-

trolling per pixel the movement of the charged particles

of the electronic ink positioned in the respective pixel

areas, it becomes possible to express display informa-

tion such as characters, symbols and images on the dis-

play surface.

[0005] As the relative density of the solvent and
charged particles is set to be approximately the same,

the charged particles are able to retain the position at

the time of electric field application even after the dis-

appearance of the electric field for a relatively long pe-

riod of time (e.g., from several minutes to about twenty

minutes) . Thus, low electric consumption can be ex-

5 pected upon being applied to a display.

[0006] Moreover, the aforementioned EPD has an ex-

tremely wide viewing angle at ± 90 degrees, and the

contrast is also high. In addition, with a typical EPD, the

"observers will as a result be viewing the color of the pig*

10 ment or dye, and, for example, this Is different than view-

ing the fight of a fluorescent tube which is a backlight in

a transparent liquid crystal display, and realizes a color-

ation gentle to the eyes. Cost reduction is further possi-

ble.

'5 [0007] In reality, however, reliability could not be se-

cured due to the agglomeration of the aforementioned

pigment particulates, and could not be put into practical

use for a long time. Nevertheless, as it became apparent

in recent years that reliability could be improved by filling

20 electronic ink in microcapsules, EPDs were catapulted

into the spotlight.

[0008] As a specific display utilizing this electronic ink,

known are the theses "44.3L: A Printed and Rollable

Bistable Electronic Display - P. Drzaic et al., SED 98 Dl-

25 GEST 1131" and "53.3: Microencapsulated Electro-

phoretic Rewritable Sheet" - H. Kawai et al., SID 99 DI-

GEST 1102".

[0009] The former proposes a flexible display wherein

a transparent conductor plate, capsuled electronic ink,

30 patterned silver or graphite conductor layer, and insula-

tion film layer are successively printed in this order on

polyester film, and, in order to designate an address of

the patterned conduction layer, a hole is provided in the

insulation film layer and a lead line is provided therein.

35 The later proposes a rewritable sheet pursuant to elec-

trophoresis employing microcapsuled electronic ink,

and a method for writing on this sheet.

[0010] Nonetheless, the aforementioned EPDs still

have the following unresolved problems. In other words,

^0 with electronic ink as described above, the relative den-

sity of the solvent and charged particles is set to be ap-

proximately the same, and the charged particles are

thereby able to retain the position at the time of electric

field application even after the disappearance of the

45 electric field for a relatively long period of time. That is,

although it possesses a retention property capable of

functioning as a memory for retaining data, the time

thereof is merely several minutes to several ten minutes.

Thereafter, the position of the charged particles moves
so in the solvent, and the picture quality of the display pat-

tern gradually deteriorates.

[001 1 ] Moreover, for instance, with the likes of a liquid

crystal display, regardless of the screen changing or not,

rewriting is conducted at a speed of sixty times per sec-

55 ond. Upon employing this driving method, however, it is

not possible to make the best use of the retention prop-

erty in the aforementioned electronic ink, and low ener-

gy consumption cannot be realized thereby.
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[0012] Further, information represented by the elec-

tronic ink is basically two values (two values pursuant

to whether the color appearing on the display surface

by the charged particles moving is of the charged parti-

cles or the solvent), and a fine gradation cannot yet be

expressed in a sufficient manner

[0013] . Accordingly, an object of the present invention

is to retain the function of maintaining information dis-

played by the electronic ink and preventing the deterio-

ration of the picture quality of the display information in

a display device using the electrophoretic phenomenon
of a liquid material.

[001 4] Another object of the present invention is to en-

able the rewriting of display contents of pixels to be of

a required minimum upon renewing the display contents

and realizing low energy consumption in this type of dis-

play device.

[0015] A further object of the present invention is to

enable the expression of fine gradation in this type of

display device.

SUMMARY OF THE INVENTION

[0016] In order to achieve the foregoing objects, the

present invention is a display device in which the display

state is prescribed by the distribution state of particles,

comprising a drive circuit for applying a first voltage for

changing the distribution state of the particles, and for

applying a second voltage for maintaining the distribu-

tion state of the particles.

[0017] In the present invention, the maintenance of

the distribution state will suffice so as long as it is within

the permissible deflection for obtaining a desired display

precision; in other words, the distribution position of

charged particles does not have to be completely se-

cured so as long as the distribution state of particles can
be substantially maintained. For instance, the charged
particles are contained in a microcapsule together with

liquid for dispersing such charged particles. The
charged particles may be of a single type, or a mixture

of a plurality of types, and may also be of a composite
structure to be contained in a microcapsule.

[0018] The present invention is further characterized

in that it is provided with a plurality of scanning elec-

trodes and a plurality of data electrodes disposed so as
to sandwich the charged particles and for applying volt-

age to the charged particles. This structure corresponds
to the so-called passive voltage application drive sys-

tem.

[001 9] The present invention is further characterized

in that the aforementioned particles are divided into a

plurality of areas, and that it is provided with a plurality

of scanning lines and a plurality of data lines for applying

voltage independently in such divided areas. This is the

so-called active voltage application drive system, and,

for example, is structured such that the pixels are dis-

posed in an array, and a switching element, which is an
active element, is disposed at the each intersection of

the plurality of scanning lines and plurality of data lines.

A semiconductor element may be employed as the

switching element, and the semiconductor element is

principally a thin film transistor. Another example of the

5 switching element is a two-terminal nonlinear element.

[0020] In order to achieve the aforementioned ob-

jects, the present invention is a display device compris-

ing a data writing circuit which moves charged particles

and writes data by filling liquid having charged particles

10 dispersed therein between an active matrix substrate,

in which switching elements and pixel electrodes dis-

posed in correspondence with the switching elements

are arranged in an array, and an opposed substrate, and
applying voltage for each pixel between the active ma-

's trix substrate and the opposed substrate; wherein the

display device further comprises a refresh circuit for re-

freshing at prescribed intervals the data of each pixel

written pursuant to the data writing circuit.

[0021] In order to achieve the foregoing objects, the

20 present invention is a display device comprising a data

writing circuit which moves charged particles and writes

data by disposing a microcapsule filled with liquid having

charged particles dispersed therein between an active

matrix substrate, in which switching elements and pixel

25 electrodes disposed in correspondence with the switch-

ing elements are arranged in an array, and an opposed
substrate, and applying voltage for each pixel between
the active matrix substrate and the opposed substrate;

wherein the display device further comprises a refresh

30 circuit for refreshing at prescribed intervals the data of

each pixel written pursuant to the data writing circuit.

[0022] In order to achieve the aforementioned ob-

jects, the present invention is a display device compris-

ing a data writing circuit which moves charged particles

35 and writes data by filling liquid having charged particles

dispersed therein between an active matrix substrate,

in which switching elements and pixel electrodes dis-

posed in correspondence with the switching elements
are arranged in an array, and an opposed substrate, and

*o applying voltage for each pixel between the active ma-
trix substrate and the opposed substrate; wherein the

data writing circuit comprises a switch for turning the da-

ta writing on/off and structured of the switching elements

and a driver for controlling the switching elements, and
45 the driver is structured so as to be driven with a decoder

method.

[0023] Here, the driver for controlling the switching el-

ement shall mean a data driver to be connected to the

data line and a scan driver to be connected to the scan
so line of the pixel unit in many cases. The writing of data

will realize low energy consumption by selecting and re-

writing only the pixels for rewriting data.

[0024] In order to achieve the foregoing objects, the

present invention is a display device comprising a data
55 writing circuit which moves charged particles and writes

data by disposing a microcapsule filled with liquid having

charged particles dispersed therein between an active

matrix substrate, in which switching elements and pixel
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electrodes disposed in correspondence with the switch-

ing elements are arranged in an array, and an opposed

substrate, and applying voltage for each pixel between

the active matrix substrate and the opposed substrate;

wherein the data writing circuit comprises a switch for

turning the data writing on/off and structured of the

switching elements and a driver for controlling the

switching elements, and the driver is structured so as to

be driven with a decoder method.

[0025] Here, the driver for controlling the switching el-

ement shall mean a data driver to be connected to the

data line and a scan driver to be connected to the scan

line of the pixel unit in many cases; The writing of data

will realize low energy consumption by selecting and re-

writing only the pixels for rewriting data.

[0026] In order to achieve the aforementioned ob-

jects, the present invention is a display device compris-

ing a data writing circuit which moves charged particles

and writes data by filling liquid having charged particles

dispersed therein between an active matrix substrate,

in which switching elements and pixel electrodes dis-

posed in correspondence with the switching elements

are arranged in an array, and an opposed substrate, and
applying voltage for each pixel between the active ma-
trix substrate and the opposed substrate; wherein a sin-

gle pixel is structured of a plurality of sub pixels, and
gradation is controlled by pulse-surface-area modula-

tion.

[0027] In order to achieve the foregoing objects, the

present invention is a display device comprising a data

writing circuit which moves charged particles and writes

data by disposing a microcapsule filled with liquid having

charged particles dispersed therein between an active

matrix substrate, in which switching elements and pixel

electrodes disposed in correspondence with the switch-

ing elements are arranged in an array, and an opposed

substrate, and applying voltage for each pixel between
the active matrix substrate and the opposed substrate;

wherein a single pixel is structured of a plurality of sub
pixels, and gradation is controlled by pulse-surface-area

modulation.

[0028] In order to achieve the aforementioned ob-

jects, the present invention is a display device compris-

ing a data writing circuit which moves charged particles

and writes data by filling liquid having charged particles

dispersed therein between an active matrix substrate,

in which switching elements and pixel electrodes dis-

posed in correspondence with the switching elements

are arranged in an array, and an opposed suhstrate, and
applying voltage for each pixel between the active ma-
trix substrate and the opposed substrate; wherein the

charged particles are formed of a plurality of types of

charged particles with differing quantities of electric

charge.

[0029] In the present invention, the gradient is con-

trolled by controlling one or both of the value/time of the

voltage to be applied with the data writing circuit.

[0030] In order to achieve the foregoing objects, the

present Invention is a display device comprising a data

writing circuit which moves charged particles and writes

data by disposing a microcapsule filled with liquid having

charged particles dispersed therein between an active

5 matrix substrate, in which switching elements and pixel

electrodes disposed in correspondence with the switch-

ing elements are arranged in an array, and an opposed

substrate, and applying voltage for each pixel between

the active matrix substrate and the opposed substrate;

io wherein the charged particles are formed of a plurality

of types of charged particles with differing quantities of

electric charge.

[0031] In the present invention, the gradient is con-

trolled by controlling one or both of the value/time of the

is voltage to be applied with the data writing circuit.

[0032] In the present invention, it is preferable that the

switching element is a low-temperature poly-Si TFT as

the switching element has high mobility, and as it is pos-

sible to integrate a driver. Moreover, from the perspec-

tive of cost reduction, it is preferable that the switching

element is a TFT of a structure wherein the channel por-

tion is at least formed of an organic film.

[0033] In the present invention, the refresh circuit

does not necessarily once clear (delete) the data of im-

ages and characters generating the distribution of the

charged particles. In other words, with the display de-

vice of the present invention, voltage is applied upon

initially displaying the image, and, thereafter, the relative

density of the particles and liquid is approximately the

same, and the distribution state of charged particles can

be maintained even when the application of voltage is

released. In this type of display device, with the purpose

of stabilizing or maintaining the initial distribution state

of charged particles upon having applied voltage to

charged particles, voltage merely needs to be applied

periodically or occasionally based on the image data.

That is, different from the "refresh" implying the deletion

and writing of data conducted conventionally with liquid

crystal displays, it is not necessarily imperative to delete

the data in the present invention. As the display device

of the present invention also functions as electronic pa-

per; in other words, since it comprises a function of dis-

playing image and character information as is in corre-

spondence to the distribution of charged particles for a

prescribed period of time after applying voltage to the

charged particles in accordance with image data, the

present invention also corresponds to a recording me-
dium. With the display device structured of at least a dis-

play unit, which is the recording medium, and peripheral

circuits containing the voltage application circuit, for ex-

ample, even upon removing the display unit from the pe-

ripheral circuit, it would still be possible for users to con-

firm the information displayed on this electronic paper

at home, in the office, and so on. Further, for instance,

upon employing the present invention in a car navigation

system, it would be possible for a user to remove the

portion (electronic paper) displaying the map upon hav-

ing arrived at a parking space nearby one's destination

25
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from the peripheral circuit, and bring it along while he/

she walks to the destination.

BRIEF DESCRIPTION OF THE DRAWINGS
5

[0034]

Fig. 1 is a diagram showing the appearance of an

electronic book as the display device employing the

present invention; w

Fig. 2 is a diagram showing the electric block struc-

ture of the display device;
,

Fig. 3 is a partial cross section of a switching ele- 15

ment forming the pixel unit of the display body of

the display device;

Fig. 4 is a diagram explaining the schematic struc-

ture of the electronic ink layer and the operation 20

thereof upon application of voltage;

Fig. 5 is a block diagram showing the schematic

structure of the display body of the display device;

25

Fig. 6 is a block diagram showing the schematic

structure of a decoder data driver as the peripheral

circuit of the pixel unit;

Fig. 7 is a block diagram showing the schematic 30

structure of a decoder scan driver as the peripheral

circuit of the pixel unit;

Fig. 8 is a schematic flowchart explaining the renew
and refresh operations of the display data with a 35

controller;

Fig. 9 is a layout diagram of the pixel unit upon re-

alizing four gradations with pulse-surface-area

modulation; 40

Fig. 10 is a conceptual diagram of a microcapsule

containing charged particles having different elec-

tric charge and pertaining to a modified example of

the electronic ink Jayer; 45

Fig. 11 is a partial cross section showing a color

thin-film structure pertaining to a modified example

of the switching element;

50

Fig. 12 is a schematic diagram of a passive driving

method in the display device of the present inven-

tion; and

Fig. 1 3 is a side view of the display device having a 55

detachable display body (electronic paper/record-

ing medium).

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0035] Embodiments of the present invention are now
explained with reference to the attached drawings. The
display device 1 according to the present embodiment

has, for example, a shape of an electronic book (some-

times referred to as "electronic paper") as shown in Fig.

1 . This display device 1 comprises a book-shaped frame

1 A, and a cover B1 for opening and closing this frame

1 A. A display body 2 is provided on the surface of the

frame 1 A in a state where the display surface thereof is

exposed, and an operational unit 3 is also provided

thereto. Frame 1A has a built-in controller 4, a counter

5 and a memory 6 (refer to Fig. 2).

[0036] The display body 2 of the present embodiment
comprises a pixel unit 2A formed by filling electronic ink

in a switching element, and a peripheral circuit 2B pro-

vided integrally with this pixel unit 2A. As described later,

the peripheral circuit 2B comprises a decoder-type scan

driver and data driver.

[0037] Fig. 3 shows a cross section structure of the

pixel unit 2A. As shown in Fig. 3, an opposed substrate

1 2 is adhered on the substrate 1 1 , and a common elec-

trode 13 is formed on this opposed substrate 12. An
electronic ink layer 15 is laminated between this com-
mon electrode 13 and a pixel element 14. This pixel el-

ement 14 is serially connected to a drain electrode 17
of a TFT 1 6, and this TFT acts as a switch. Here, either

the common electrode 13 or the pixel electrode 14 is of

a transparent electrode, and the transparent electrode

side will become the display surface.

[0038] The TFT comprises a source layer 1 9, a chan-

nel 20 and a drain layer 21 formed on the base insulation

film 1 8; a gate insulation film 22 formed thereon; a gate

electrode 23 formed on this gate insulation film 22; a

source electrode 24 formed on the source layer 1 9; and
a drain electrode 1 7 formed on the drain layer 21 . The
TFT is further sequentially covered with an insulation

film 25 and an insulation film 26.

[0039] As shown in Fig. 4, the electronic ink layer 15

is structured of a transparent binder 41 having optical

permeability, and a plurality of microcapsules 42 dis-

persed uniformly and fixedly in this binder41 . The thick-

ness of the electronic ink layer 15 is approximately 1 .5

to 2 times the diameter of the microcapsule 42. Silicon

resin or the like is used as the material of the binder 41

.

The microcapsule 42 comprises a hollow and spherical

capsule body 43 having optical permeability. Liquid (sol-

vent) 44 is filled in this capsule body 43, and a plurality

of electronegative charged particles 45 are dispersed in

the liquid 44. Each of the charged particles 45 is struc-

tured of a core 45A, and a cover layer 45B for covering

such core. The color of the charged particle 45 and liquid

44 is set to be mutually different. As an example, the

charged particle may be white, while the liquid may be
blue, red, green or black. The relative density of the liq-

uid 44 and the charged particles 45 is set to be of a mu-

5
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tually and substantially equivalent value in the respec-

tive microcapsules 42.

[0040] When an electric field is applied externally to

the microcapsules in the aforementioned state, the

charged particles 45 move in a direction opposite to the

direction of the electric field in the microcapsules 42. As

a result, presuming that the current display surface is

on the upper side face (i.e., surface of the opposed sub-

strate side) of Fig. 3, when the charged particles 45

move toward the upper side in Fig. 3, viewed will be the

color (white for example) of the charged particles 45

standing out with the color (blue, red, green or black for

example) of the liquid 44 being the background (refer to

Fig. 4(B)). Contrarily, when the charged particles 45

move toward the lower side in Fig. 3 pursuant to the ap-

plication of the electric field, only the color (blue, red,

green or black for example) of the liquid 44 can be

viewed (refer to Fig. 4(C)).

[0041] The charged particles 45 that moved toward

the direction opposite to the direction of the electric field

pursuant to the application of such electric field have a

relative density approximately the same as with the liq-

uid 44, and, therefore, try to stay at such position for a

long period of time even after the electric field is elimi-

nated. In other words, they have a retention property (a

property capable of being used as a memory, hereinaf-

ter referred to "memory property"), and the color of the

charged particles 45 or liquid 44 appearing on the dis-

play surface is retained for an interim (several minutes

to several ten minutes). Here, by controlling the appli-

cation of the electric field for each pixel, information ac-

cording to such application pattern will be displayed on
the display surface (refer to Fig. 1) of the display body

2, and such information will be retained for a relatively

long period of time.

[0042] Nevertheless, pursuanttothe lapse in time, the

charged particles 45 naturally diffuse as a result of grav-

ity and vibration, the picture quality of the display surface

presenting the information will gradually deteriorate,

and information can no longer be accurately displayed.

Thus, in the present embodiment, as described later, the

refresh operation is periodically implemented in order to

maintain the presentation of the information.

[0043] Moreover, information pursuant to the move-
ment of charged particles 45 by the electric field will only

be binary information to be presented at this rate. In oth-

er words, information to be decided by whether the color

appearing on the display screen is pursuant to the

charged particles 45 (white for example), or pursuant to

the liquid 44 (black for example). The present embodi-

ment therefore proposes the realization of gradation

(gray scale) with a method referred to as pulse-surface-

area modulation

[0044] The peripheral circuit 2B uniformly and inte-

grally formed with the pixel unit 2A and forming the dis-

play body 2 is now explained with reference to Figs. 5
to 7. As shown in Fig. 5, this peripheral circuit 2B is

formed of data drivers 66, 67 connected to both ends of

10

the respective data lines of the pixel unit 2A, and scan

drivers 68, 69 connected to both ends of the respective

data lines of the pixel unit 2A. As shown in Fig. 6, the

data drivers 66, 67 respectively comprise a 9-bit decod-

s er 11 , a level shifter 72, a buffer and AND gate switch

unit 73 , and an analog sample hold TFT 74. The decoder

71 is formed of three NAND gates, one NOR gate, and

eighteen address signal lines. The output terminal of this

decoder 71 is connected to eight buffers, and simulta-

w neousiy transmits. address signals to eight data lines.

Thus, the eight analog sample hold TFTs are simultane-

ously switched, and eight data are simultaneously trans-

ferred to the hold condenser. This structure is suitable

for decreasing the speed of the data drivers 66, 67.

15 [0045] Meanwhile, as shown in Fig. 7, the scan drivers

68, 69 respectively comprise a 1 0-bit decoder 81 , an In-

terlace exchange circuit 82, a level shifter 83 and an out-

put buffer 84. This structure is illustrated with a mode
for simultaneously scanning two lines, and with a non-

interlace scan mode. In order to scan with these scan

modes, a structure is adopted wherein the interlace ex-

change circuit 82 applies control signals A, B, C. By si-

multaneously scanning two lines as described above, it

is possible to increase the resolution in the vertical di-

rection without having to increase the scan rate. A pair

of scan lines is simultaneously selected, and this com-

bination is exchanged between the two conditions.

[0046] As described above, since the decoder meth-

od is employed for the data drivers 66, 67 and the scan

drivers 68, 69, in the pixel unit 2A, it will suffice to only

rewrite the pixels to be renewed for the display data of

the electronic ink layer. The reduction of energy con-

sumption will also be realized thereby.

[0047] Here, let it be assumed that when a pulse,

which is a negative electrode against the common elec-

trode 13 and of a prescribed voltage value, is applied to

the pixel electrode 14, the white color of the charged

particles 45 in the microcapsules 42 appears on the dis-

play surface, and, meanwhile, when a pulse, which is a

positive electrode against the common electrode 1 3 and
of a prescribed voltage value, is applied to the pixel elec-

trode 1 4, the black color of the liquid 45 appears on the

display surface.

[0048] The controller 4 depicted in Fig. 2 conducts the

interrupt processing shown in Fig. 8 for each fixed frame

rate. Upon entering this interrupt processing, it is fore-

most judged as to whether the display data of the elec-

tronic ink layer 1 5 should be renewed or not (step S1 ).

This judgment, for example, corresponds to when the

reader conducts an operation so as to turn the page of

the electronic book via the operational unit 3. When this

judgment is YES, the controller 4 conducts the process-

ing of step S2, but when this judgment is NO, it skips

the processing of step S2.

[0049] At step S2, the controller 4 reads the contents

25
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of the data to be renewed from the memory 6, and orders

the electronic ink layer 15 to conduct writing for each

pixel pursuant to the above.

[0050] In such a case, the controller 4 selects and ap-

plies voltage (first voltage), via the decoder drivers

66-69, only to the pixel element 1 4 of the pixel coinciding

with the renewal contents. Contents of the newly re-

newed data may thereby be displayed.

[0051] In this data renewal processing, the controller

4 may set the gradation (step S2A) based on the well-

known pulse-surface-area modulation (for example, the

thesis TFT-LEPD with Image Uniformity by Area Ratio

Gray Scale - M, Kimura et al." ln,other words, this is

structured of a plurality of sub pixels that adopt either

the on state or off state of the respective pixels, and,

depending on the number of sub pixels in the on state

(off state), the gray scale (gradation) between white and
black; for example, light gray or dark gray, is adjusted.

For instance, Fig. 9 is a layout diagram of the pixel unit

in a case of realizing four gradations with the pulse-sur-

face-area modulation. Each pixel is structured of two
sub pixels (91, 92), wherein the area of one is double

the other. Here, the four gradations can be realized (a)

when two of the sub pixels (91 , 92) are both off, (b) when
only the sub pixel (91) with the smaller area is on, (c)

when only the sub pixel (92) with the larger area is on,

and (d) when the two of the sub pixels (91 , 92) are both

on. Thereby, the contents to be displayed on the display

surface is not limited to character information, and pic-

tures and images may also be favorably expressed.

[0052] Next, the controller 4 judges whether it is of a
refresh timing or not via timing with the count value of

the counter (step S3). As described above, this refresh

is a rewriting operation for maintaining data retention

when the setting time capable of retaining the memory
property of the electronic ink layer 15 elapses. The set-

ting time of this refresh is a suitable time within the range
of several minutes to several ten minutes. When the

judgment at this step S3 is NO; that is, when the refresh

timing has not yet been reached, the processing at the

next step S4 is skipped. Contrarily, when the judgment
at step S3 is YES, the refresh operation is ordered (step

S4).

[0053] With respect to the pixels displaying white for

example, this refresh operation selectively reapplies a
voltage pulse (second voltage) with a negative voltage

property to the common electrode, and moves the

charged particles 45 in the microcapsules 42 toward the

display surface side; that is, toward the common elec-

trode side in the example of Fig. 3, or retains such state

if the charged particles have already moved toward the

display surface side. Then, regarding the pixels display-

ing black, the refresh operation selectively applies a
voltage pulse with a positive electrode property to the

common electrode, and moves the charged particles 45
in the microcapsules 42 toward the side opposite to the

display surface side; that is, toward the side opposite to

the common electrode side in the example of Fig. 3, or

retains such state If the charged particles have already

moved toward the side opposite to the display surface

side. Thereby, prior to the refresh operation, the pixels

represented in white pursuant to the charged particles

5 45 will continue to be represented in white, and the pix-

els represented in black pursuant to the liquid 44 will

continue to be represented in black. Here, regarding the

pixels represented in a gray scale pursuant to the pulse-

surface-area modulation, as the sub pixels thereof will

io similarly be refreshed, the gray scale representation will

also be maintained. Moreover, with respect to the afore-

mentioned example, the timing of the refresh operation

for the white color display and black color display may
differ.

15 [0054] The aforementioned processing will be repeat-

edly executed in prescribed intervals. According to the

display of the present embodiment, unlike the display

body employing conventional electronic ink, the refresh

operation will be conducted in an appropriate timing, as

well as automatically and periodically, before the lapse

of the time of several minutes to several ten minutes

when the memory property will be lost. Thus, the mem-
ory property will be retained, and the picture quality of

the display pattern will also be retained as per the initial

display. In other words, this refresh operation will pre-

vent troubles such as the display information becoming
difficult to see or eliminated altogether, and will become
preferable as a display device such as an electronic

book.

[0055] Furthermore, the information to be displayed

with this display device is not only binary information as

conventionally, and gradients between the binary infor-

mation is represented by the pulse-surface-area modu-
lation. Thus, it is possible to provide a display medium
preferable for display Information requiring fine tone.

[0056] In addition, as the peripheral driver is uniformly

and integrally manufactured with the switching element,

the structure will be of an overall compact size.

[0057] Moreover, as the driver employs a decoder
method capable of designating pixels to be rewritten by
the combination of inputs, it is sufficient to conduct data

rewriting by selectively designating the required pixels,

and it is not necessary to rewrite all of the pixels of the

pixel unit. It is therefore possible to significantly reduce

the energy consumption required for rewriting the data

of the electronic ink layer of the pixel unit.

[0058] Further, the employment of this electronic ink

will enable the structure of a reflective display device

with high contrast ratio, and, as a backlight will no longer

be necessary, it is further possible to reduce energy con-

sumption.

[0059] The present invention is not limited to the

aforementioned embodiment, and may be modified in

various modes.

[0060] As one mode thereof, wherein the conceptual

structure is shown in Fig. 10, a plurality of types of

charged particles 45C, 45D with different electric charg-

es (e.g., the electric charge of one charged particle 45D
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is twice that of the other charged particle 45C) are em-

ployed as the charged particles 45 to be scattered in the

liquid 44 within the respective microcapsules 42. Then,

the time and/or value of the DC voltage to be applied to

the common electrode and the respective pixel elec- 5

trodes upon data rewriting is suitably changed. The

change in the electric charge is reflected in the behavior

of the speed or the like when the charged particles 45

move, and it is thereby possible to express an even finer

gradient.

[0061] As a substitute to the monochrome represen-

tation of the aforementioned display information, anoth-

er embodiment enables a color representation. This can

be realized by employing a switching element depicted

in Fig. 11, for example, in place of the aforementioned

switching element illustrated in Fig. 3. Specifically, by

adopting a structure wherein the common electrode 13

and pixel electrode 14 are partitioned with a bank 93,

and the electronic ink layer 15, with an electronic ink

layer 1 5C for cyan, eletronic bank layer 15M for magen-
ta, and electronic bank layer 15Y for yellow as one set,

is arranged on the pixel unit in a suitable pattern, the

voltage application state of the electronic ink layer of the

respective colors may be controlled in accordance with

the display color pattern.

[0062] Further, with the aforementioned embodiment,

although a TFT element was employed as the switching

element being the mainstream of the so-called active

matrix drive, an MIM (Metal Insulator Metal) element

may also be used. This MIM is characterized in that it

has a laminated structure of metal - insulation film - met-

al, and yields a bi-directional diode characteristic having

a steep threshold value.

[0063] Moreover, without limitation to the foregoing

active matrix drive, a so-called simple matrix drive (pas-

sive matrix drive) may be used to control the image dis-

play.

[0064] Fig. 12 illustrates the basic structure of the

passive matrix drive system. This passive matrix drive

system sequentially selects in a pulse-like manner the

scanning electrode 1 00 provided on one surface of the

electronic ink layer 1 5, and then selects and applies volt-

age to the signal electrode (data electrode) 1 02 (other

surface of the electronic ink layer 15) corresponding to

the respective microcapsules upon selecting such scan-

ning electrode 100. Presuming that the total number of

scanning electrodes 100 is N, it is only possible to apply

voltage to a single scanning electrode 100 for 1/N the

time of the screen display period. This will /esult in a

limited resolution, but will be sufficient upon being em-

ployed in the display device 1 of the present embodi-

ment. In other words, the drive systems of a generally

known liquid crystal display device are applicable, and
in comparison to the liquid crystal continuously driving

the voltage, with the display device of the present em-

bodiment, once voltage is applied, yielded is an advan-

tage unavailable to liquid crystal display devices where-

in the image is maintained even upon releasing the ap-

plication of voltage thereafter.

[0065] Therefore, the drive system of the present em-

bodiment may be any one of a static drive (seven seg-

ments, etc.), a passive matrix drive, or an active matrix

drive.

[0066] Moreover, although the display body 2 was

fixed to the frame 1 A of the display device 1 , as shown

in Fig. 13, the display body 2 may be of a structure so

as to be attachable and detachable to and from the

frame 1 A. The display body 2 is an extremely thin sheet-

shaped or paper-shaped recording medium (electronic

paper), and is held between the two pairs of feed rollers

104, 106 disposed in the frame 1A. A rectangular pore

1 C is provided to the frame 1 A, to which a transparent

glass plate 107 is fitted therein. An insertion/removal

slot 1 08 is also provided to the frame 1 A so as to enable

the insertion and removal of the display body 2 to and

from this insertion/removal slot 108. A terminal unit 110

is provided at the tip in the insertion direction of the dis-

play body 2, and, by being electrically connected to the

socket 1 1 2 in the frame 1 A, it is connectable to the con-

troller 4 in the frame 1 A.

[0067] This type of detachable display unit 2 will be

easy to handle but not bulky, and, for instance, it would

be possible for the user to only carry around the display

unit 2 displaying the necessary map near one's destina-

tion.

[0068] As described above, according to the present

invention, the periodic and automatic refresh operation

will maintain the memory property of the electronic ink,

prevent the deterioration of the picture quality of the dis-

play information, and provide a display device with per-

sistency.

[0069] With the display device employing the elec-

tronic ink according to the present invention, as it will be

sufficient to rewrite only the display contents of the pixel

in a required minimum upon renewing the display con-

tents, it is possible to provide a display device seeking

energy conservation.

[0070] Moreover, with the display device employing

the electronic ink according to the present invention, it

is possible to provide a display device capable of dis-

playing fine gradation with the likes of pulse-surface-ar-

ea modulation.

[0071] Furthermore, the present invention provides

the creation of a novel technology of applying a pre-

scribed voltage for retaining the image by maintaining

the distribution state of the electrophoretic material in

order to prevent the electrophoretic material of the re-

cording medium after voltage application from scatter-

ing in the recording medium and not being able to main-

tain the image.

1. A display device in which the display state is pre-

scribed by the distribution state of particles, corn-

is
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prising a drive circuit for applying a first voltage for

changing the distribution state of the particles, and

for applying a second voltage for maintaining the

distribution state of said particles.

5

2. A display device according to claim 1 , wherein said

particles are contained in a microcapsule together

with liquid for dispersing said particles.

3. A display device according to claim 1 or claim 2, 10

further comprising a plurality of scanning electrodes

and data electrodes for applying voltage to said par-

ticles in pixel units.
,

4. A display device according to claim 1 or claim 2, *5

further comprising a plurality of scanning lines and

data lines for applying voltage independently in pix-

el units to said particles.

5. A display device according to claim 4, wherein a 20

switching element is disposed in correspondence

to the intersection of said plurality of scanning lines

and plurality of data lines.

6. A display device according to claim 5, wherein said 25

switching element comprises a semiconductor ele-

ment.

7. A display device according to claim 6, wherein said

semiconductor element is a thin film transistor. 30

8. A display device according to claim 5, wherein said

switching element is a two-terminal nonlinear ele-

ment.

35

9. A display device comprising a data writing circuit

which moves charged particles and writes data by

filling liquid having charged particles dispersed

therein between an active matrix substrate, in which

switching elements and pixel electrodes disposed *o

in correspondence with said switching elements are

arranged in an array, and an opposed substrate,

and applying voltage for each pixel between said

active matrix substrate and said opposed substrate;

wherein said display device further, comprises a re- 45

fresh circuit for refreshing at prescribed intervals the

data of each pixel written pursuant to said data writ-

ing circuit.

10. A display device comprising a data writing circuit so

which moves charged particles and writes data by

disposing a microcapsule filled with liquid having

charged particles dispersed therein between an ac-

tive matrix substrate, in which switching elements

and pixel electrodes disposed in correspondence 55

with said switching elements are arranged in an ar-

ray, and an opposed substrate, and applying volt-

age for each pixel between said active matrix sub-

16

strate and said opposed substrate; wherein said

display device further comprises a refresh circuit for

refreshing at prescribed intervals the data of each

pixel written pursuant to said data writing circuit.

11. A display device comprising a data writing circuit

which moves charged particles and writes data by

filling liquid having charged particles dispersed

therein between an active matrix substrate, in which

switching elements and pixel electrodes disposed

in correspondence with said switching elements are

arranged in an array, and an opposed substrate,

and applying voltage for each pixel between said

active matrix substrate and said opposed substrate;

wherein said data writing circuit comprises a switch

for turning said data writing on/off and structured of

said switching elements and a driver for controlling

said switching elements, and said driver is struc-

tured so as to be driven with a decoder method.

12. A display device comprising a data writing circuit

which moves charged particles and writes data by

disposing a microcapsule filled with liquid having

charged particles dispersed therein between an ac-

tive matrix substrate, in which switching elements

and pixel electrodes disposed in correspondence

with said switching elements are arranged in an ar-

ray, and an opposed substrate, and applying volt-

age for each pixel between said active matrix sub-

strate and said opposed substrate; wherein said da-

ta writing circuit comprises a switch for turning said

data writing on/off and structured of said switching

elements and a driver for controlling said switching

elements, and said driver is structured so as to be
driven with a decoder method.

13. A display device according to claim 11 or claim 12,

wherein said driver is a data driver to be connected

to the data line of the pixel unit of said switching

element and a scanner driver to be connected to

the scan line of the pixel unit thereof.

14. A display device according to claim 11 or claim 12,

wherein said data writing is conducted by only se-

lecting and rewriting pixels for rewriting data.

15. A display device comprising a data writing circuit

which moves charged particles and writes data by

filling liquid having charged particles dispersed

therein between an active matrix substrate, in which

switching elements and pixel electrodes disposed

in correspondence with said switching elements are

arranged in an array, and an opposed substrate,

and applying voltage for each pixel between said

active matrix substrate and said opposed substrate;

wherein a single pixel is structured of a plurality of

sub pixels, and gradation is controlled by pulse-sur-

face-area modulation.
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16. A display device comprising a data writing circuit

which moves charged particles and writes data by

disposing a microcapsule filled with liquid having

charged particles dispersed therein between an ac-

tive matrix substrate, in which switching elements 5

and pixel electrodes disposed in correspondence

with said switching elements are arranged in an ar-

ray, and an opposed substrate, and applying volt-

age for each pixel between said active matrix sub-

strate and said opposed substrate; wherein a single 10

pixel is structured of a plurality of sub pixels, and

gradation is controlled by pulse-surface-area mod-

ulation.
,

17. A display device comprising a data writing circuit 15

which moves charged particles and writes data by

filling liquid having charged particles dispersed

therein between an active matrix substrate, in which

switching elements and pixel electrodes disposed

in correspondence with said switching elements are 20

arranged in an array, and an opposed substrate,

and applying voltage for each pixel between said

active matrix substrate and said opposed substrate;

wherein said charged particles are formed of a plu-

rality of types of charged particles with differing 25

quantities of electric charge.

326 A1 18

reapplying voltage based on the data of each of said

pixels in prescribed intervals in order to substantial-

ly maintain the distribution state of the particles

which moved pursuant to the voltage applied based

on the data of each of said pixels.

23. A recording medium in which the display state is

prescribed by the distribution state of particles, and

structured so as to be capable of applying a first

voltage for changing the distribution state of the par-

ticles, and applying a second voltage for maintain-

ing the distribution state of said particles.

24. A recording medium according to claim 23 formed

by filling liquid having charged particles dispersed

therein between an active matrix substrate, in which

switching elements and pixel electrodes disposed

in correspondence with said switching elements are

arranged in an array, and an opposed substrate;

structured to be capable of writing data by moving

charged particles by applying voltage for each pixel

between said active matrix substrate and said op-

posed substrate; and structured to be capable of re-

freshing at prescribed intervals the data of each pix-

el written pursuant to said second voltage applied

by said drive circuit.

18. A display device comprising a data writing circuit

which moves charged particles and writes data by

disposing a microcapsule filled with liquid having 30

charged particles dispersed therein between an ac-

tive matrix substrate, in which switching elements

and pixel electrodes disposed in correspondence

with said switching elements are arranged in an ar-

ray, and an opposed substrate, and applying volt- 35

age for each pixel between said active matrix sub-

strate and said opposed substrate; wherein said

charged particles are formed of a plurality of types

of charged particles with differing quantities of elec-

tric charge. 40

19. A display device according to claim 1 7 or claim 1 8,

further comprising gradient setting means for con-

trolling the gradient by controlling one or both of the

value/time of the voltage to be applied with said data

writing circuit.

20. A display device according to any one of claims 9

to 19, wherein said switching element is a low-tem-

perature poly-Si TFT. so

21 . A display device according to any one of claims 9

to 20, wherein said switching element is of a struc-

ture wherein the channel portion is at least formed

of an organic film. 55

22. A display device according to claim 9 or claim 10,

wherein said refresh circuit comprises a circuit for

25. A recording medium according to claim 23 or claim

24, wherein said particles are contained in a micro-

capsule together with liquid for dispersing said par-

ticles.

26. A recording medium according any one of claims

23 to 25, wherein said single pixel is structured of

a plurality of sub pixels, and gradation is controlled

by pulse-surface-area modulation.

27. A recording medium according to any one of claims

23 to 26, wherein said particles are formed of a plu-

rality of types of charged particles with differing

quantities of electric charge.

28. A recording device for recording on to a sheet-

shaped recording medium, comprising: a plurality

of roller pairs for feeding and securing said sheet-

shaped recording medium; and a signal supply

source for supplying rewriting signals to said sheet-

shaped recording medium.

29. A recording device for recording on to a sheet-

shaped recording medium, comprising: a plurality

of roller pairs for feeding and securing said sheet-

shaped recording medium; a controller; and a ter-

minal unit to be electrically connected to said con-

troller; wherein said terminal unit is provided at a

position so as to be connectable with said sheet-

shaped recording medium

10
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